To heparinized saline (2 experiments); 5% dextrose in water (2 experiments); and Hypaque-M 75% (1 experiment) were intermittently infused into the pericardial sac (at 30-60 sec intervals) until no effective blood pressure was recorded. In 13 experiments, solutions had a temperature of 37 degrees whereas in 14 experiments they were at room temperature.
THE SUDDEN APPEARANCE of electromechanical dissociation,1-4 bradyeardia,2 and ST-segment2 and T wave2`5 change have been observed to occur at the time of cardiac rupture. Indistinguishable electrocardiographic findings have been described in aortic dissection with cardiac tamponade.3 To test the hypothesis that these changes are due to acute cardiac tamponade -a disorder for which a specific electrocardiogram has not previously been describedcardiac tamponade was produced in the dog during continuous hemodynamic and electrocardiographic monitoring. The results of these studies are reported here. Methods
Ten mongrel dogs having an average weight of 16.8 kg were anesthetized with pentobarbital, 30 mg/kg. Each dog was intubated and ventilated with a Harvard respirator. Using cutdown techniques, end-hole polyurethane catheters were passed to the inferior vena cava via the right femoral vein and to the descending aorta via the right femoral artery. Pressures were measured continuously with Statham P23 db strain gauges and were recorded on a multichannel photographic recorder (Electronics for Medicine DR-8). Electrocardiograms were recorded at a frequency response of 0.1-200 Hz. Electrodes were inserted beneath the skin of the distal part of each extremity with the dog in a supine position. Bipolar limb and augmented, unipolar extremity leads were recorded before and intermittently during each experiment. Lead II was recorded continuously. Electrocardiographic tracings were obtained before and after the chest was opened. The electrocardiogram recorded immediately before each experiment when the chest was open was used as the control tracing with which subsequent records were compared. After opening the chest with a median sternotomy incision, a small puncture was made in the pericardium and a J-shaped, 8-F, polyurethane catheter was inserted into the pericardial sac and secured with a purse-string suture and several silk ties.
During continuous monitoring of the electrocardiogram and venous and arterial pressures, 10-30 cc of heparinized, autologous blood (14 experiments); saline (8 experiments); heparinized saline (2 experiments); 5% dextrose in water (2 experiments); and Hypaque-M 75% (1 experiment) were intermittently infused into the pericardial sac (at 30-60 sec intervals) until no effective blood pressure was recorded. In 13 experiments, solutions had a temperature of 37 degrees whereas in 14 experiments they were at room temperature.
After removing fluid from the pericardial sac, further experiments were performed only after a 15 min recovery period, at a time when pressures, heart rate, and electrocardiogram had generally returned to control values. In six dogs, the vagi were isolated in the neck and secured with moistened umbillical tapes. When bradyeardia appeared, these nerves were severed. In three dogs, the right vagus nerve was cut first and 10-15 sec later the left, whereas in the other three the left vagus was cut first. After transecting the vagi, at a time when fluid had been removed and the ( amplitude. Mean QRS axis, which was generally vertical before infusion, shifted leftward and superiorly ( fig. 4 ). These changes were observed in all 24 experiments in which electromechanical dissociation was produced. Removal of fluid reversed both findings whereas cutting vagi had no effect on these changes. Electrical alternans of the QRS complex was observed transiently in one dog in which cardiac tamponade was produced with blood after vagotomy.
T Wave and ST Segment
The first change observed in 25 of 27 experiments was deep T wave inversions (T wave axis shifted rightward and superiorly). This finding was seen within 2-3 beats after the start of an infusion of fluid ( fig. 5 ). T wave inversions were produced with all fluids infused irrespective of their temperature at the time of infusion. The most marked changes occurred after rapid infusion of large quantities of fluid (60 cc in 10 sec). T wave changes did not appear to correlate Above) Strips from a continuous record of simultaneous arterial and venous pressures and lead II during cardiac tamponade. Left) Enlargements of complexes taken from the corresponding areas. Strips 1-2 show persistent sinus rhythm despite marked hypotension; strips 3-5 show that when electromechanical dissociation develops, as reflected by the superimposition of arterial and venous pressures, sinus bradycardia suddenly develops, followed by sinus arrest with a junctional escape rhythm. Strip 6 shows that cutting vagi leads to an immediate reversal of bradycardia.
with the amount of fluid in pericardial sac at the time of infusion; that is, T wave inversions were equally marked when infusing into a pericardial sac that did not have any fluid as when infusing into one with large quantities of fluid already there. However, T wave changes were less marked when experiments were repeated several times in the same dog.
ST segment changes were observed in five experiments, four times ST segments becoming elevated and once depressed. These changes occurred only after prolonged hypotension ( fig. 6 ). ST(J) junction elevations at times accompanied deep T wave inversions; however, this was not a consistant finding ( fig.  5 ).
Discussion
A characteristic electrocardiogram has been described in cardiac rupture.2 4 Although this pattern has been attributed to acute cardiac tamponade, there has been no previous experimental study that has In some studies during the early hypotensive phase of cardiac tamponade, tachycardia was observed,6 7 whereas in other studies a significant change in heart Electrocardiograms recorded before cardiac tamponade (upper ECC) and after blood pressure had fallen by more than 80% (lower ECG). When compared to control record, ECG after infusion shows QRS complexes with a lower voltage and a mean axis that has rotated leftward and superiorly. 20, 21 with left axis deviation the heart would be fixed in a new position.
Deep, T wave inversions were observed shortly after the onset of an infusion of fluid into the pericardial sac. T wave changes were not related to the type of fluid used or its temperature. They were, however, most marked with rapid infusions into a noncompliant pericardial sac. Mean T wave axis shifted rightward and superiorly, in a direction opposite to that of the mean QRS axis. Hellerstein and Katz22 produced such T wave changes in the tissue surrounding areas of subepicardial injury; in some of their experiments these T wave changes preceded ST-segment elevations in the area of injury itself. These investigators referred to these T wave changes as "injury currents of repolarization" due to a delay in repolarization. The T wave changes observed in acute cardiac tamponade may reflect, therefore, a reversal of the normal sequence of repolarization. Whether these changes are due to myocardial ischemia resulting from reduced coronary flow7 or are the result of a direct pressure effect of the fluid on the epicardium is not clear. In previous reports of acute cardiac tamponade, peaked T waves and reversal of pre-existing T wave polarity have been found in some cases.2' In one of these reports,2 ST segment changes were also observed.
Although ST segment changes were observed in five of our experiments, these developed after prolonged hypotension, and therefore, appear to be related to myocardial ischemia rather than to a direct effect of cardiac tamponade.
Thus, the present study establishes that electromechanical dissociation, bradycardia, reduction of QRS voltage, electrical alternans, and ST segment and T wave change -the electrocardiographic features of cardiac rupture -can all be duplicated in an experimental model in which cardiac tamponade alone is produced. Furthermore, this study confirms that the vagus nerve is involved in the bradycardia that occurs in cardiac tamponade. Determination of whether the other features observed in the dog -left axis deviaCirctilation. Voluime .50, Auglust 1974 tion of the QRS axis and peaked P waves -are also present in the human during acute cardiac tamponade requires further investigation.
